Summary. Additional evidence for the existence of subclasses of SIF cells is described. Type II SIF cells in the inferior mesenteric ganglia contain enkephalin, vasoactive intestinal polypeptide (VIP), somatostatine (SOM), neuropeptide tyrosine (NPY), or dynorphin (DYN) in variable combinations in addition to noradrenalin. These transmitters or modulators can affect the autoreceptors of the SIF cell themselves or modify the synatpic transmission and the activity of sympathetic ganglionic neurons through portal blood vessels. Tyrosine hydroxylase/NPY immunoreactive nerve terminals from sympathetic ganglia innervate blood vessels and both submucous and myenteric ganglia. DYN/ VIP/cholecystokinin neurons in the nerve plexus send axon collaterals to the inferior mesenteric ganglia and form a feedback loop. Substance P (SP) and calcitonin gene related peptide may exist in sensory nerve terminals. SP neurons in the myenteric ganglia innervate smooth muscles. SOM neurons inhibitory interneurons in the ganglia. SIF cells act as secretory paraneurons, the effect being long-lasting and nonspecific, while sympathetic neurons innervate both nerve plexus and intestinal tissues, and the effects in this case are specific, fast and of short duration.
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Morphological features and the distribution of small intensely fluorescent (SIF) cells (paraneurons) in the sympathetic ganglia of several mammalian species have been described and reviewed by a number of authors (ERANKO and HARKONEN, 1963; NORBERG et al., 1966; SIEGRIST et al., 1966; WILLIAMS, 1967; ERANKO and ERANKO, 1971; WILLIAMS et al., 1975; CHIBA and WILLIAMS, 1975; ERANKOet al., 1980; TAXI et al., 1983) . Two major morphological types of SIF cells have been classified; type I is a solitary cell with long branching processes considered to be interneurons, while type II is a secretory cell forming a large cluster and surrounded by fenestrated capillaries (CHIBA and WILLIAMS, 1975; WILLIAMS et al., 1976 a, b) . Since the introduction of Immunohistochemical techniques, new information suggesting the existence of subclasses of SIF cells containing different sets of peptides has been accumulating. The numerous dense cored vesicles or granules contained in the SIF cells have also been classified by several authors (LU et al., 1976; CHIBA, 1980; TAXI et al., 1983) into three types according to the morphology of their granules.
The various reactions of SIF cells after the administration of synthesis inhibitors such as disulfiram (dopamine beta hydroxylase inhibitor) or guanethidine (adrenergic blocking agent) also suggest the existence of different SIF cell types (HEYM and GRUBE, 1975; HEYM, 1976) . The variable sensitivity of SIF cells to 6-OH-DA has been pointed out (PAPKA, 1973; KANERVE et al., 1974) . Thus, the available evidence strongly suggests the existence of variable functional types of SIF cells. The present review will present additional evidence for the existence of a subclasses of SIF cells in the sympathetic ganglia from the point of view of peptides coexisting with catecholamines as transmitters or modulators. Functional aspects of SIF cells in the inferior mesenteric ganglia (IMG) will be discussed in relation to autonomic innervation of the proximal colon of the guinea pig. (1976) were able to distinguish three types of granules in the rat: 1) small (50-150 nm); 2) large (100-300nm) with moderate density; and 3) large with high density. This classification has been accepted by most researchers (see CHIBA, 1980) . SIF cells in the human sympathetic ganglia contain mixed populations of moderate and high density granules of the large type (200-300nm) in the same cell; elongated large dense granules were also observed (CHIBA, 1978) . TAXI et al. (1983) hypothesized that there is a relationship between the morphology of the granules and the transmitters they contain; type A) found as small granules which contain dopamine ; type B) which contains noradrenalin (NA) and is found as large granules having high density and often an eccentrically located dense core, and type C) contains adrenalin and apperars as large granules with moderate density. This classification will satisfy certain typical cases such as dopamine-containing SIF cells in the rat superior cervical sympathetic ganglia or carotid body cells, NA-containing SIF cells in the inferior mesenteric ganglia of the guinea pig, or adrenal medulla and adrenalin-containing SIF cells in the adrenal medulla of many species. NA granules and adrenalin granules in the adrenal medulla appear remarkably different after a fixation with nitrogen mustard N-oxide in addition to aldehyde or potassium permanganate. A dense core was seen only in the NAcontaining granules (CHIBA and MURATA, 1982) . A similar morphology was also found after potassium permanganate fixation at pH 5.0 or lower (RECHARDT et al., 1977) . It should be noted that granule morphology and size are influenced both by the fixation methods utilized and by the functional states of the SIF cells.
PEPTIDES AND CLASSICAL TRANSMITTERS
The coexistence of peptides with classical transmitters in both neurons and paraneurons has been confirmed for certain parts of the autonomic nervous system. For example, preganglionic sympathetic neurons contain enkephalin (ENK), neurotensin (NT), catitonin gene related peptide (CGRP), dynorphin (DYN), neuropeptide Y(NPY) or substance P(SP) in addition to acetylcholin (ACh) (DALSGAARD et al., 1983; KONDO, 1985; BACHOO et al., 1987; WEBBER and HEYM, 1988) . Coeliac sympathetic ganglionic neurons also contain NPY or somatostatin (SOM) in addition to NA (COSTA et al., 1986 without ACh (COSTA and FURNESS, 1983; COSTA et al., 1984 COSTA et al., , 1986 . The catecholamines contained in the paraneurons (SIF cells) in the sympathehic ganglion of the guinea pig were recognized early on to be NA (ELFVIN et al., 1975) . This conclusion was supported by a large increase in cyclic AMP in this species after treatment of the sympathetic ganglionic cells by isoproterenol; dopamine, on the other hand, was without effect (BLACK et al., 1976) . We found that paraneurons (SIF cells) in the sympathetic ganglia contain DYN, CGRP, NPY, SOM or VIP in variable combinations in addition to NA (Figs. 1, 2) . The most commonly found peptide was met-ENK (46% of all the SIF cells in one cluster), followed by VIP (45%), SON (39%), NPY (31%) and DYN (24%). The most commonly coexisting were met-ENK and VIP. In some SIF cells, we found that all 5 peptides were present. Four peptides coexisted in 8%, and three peptides coexisted in 13% of all SIF cells in the cluster. SP, NT or CGRP were contained in only a few type II SIF cells of the sympathetic ganglia of the guinea pig. In previous studies, SP, DYN, ENK, met-ENK, NPY, CCK-8, CGRP or bombesin (BOM)/ GRP were found in the SIF cells of various tissues and animal species and a few of them were shown to coexist in a single cell (HELEN et al., 1984; HEYM, et al., 1984; KUMMER et al., 1985 KUMMER et al., , 1986 JARVI et al., 1986; PAPKA et al., 1987) . As peptides coexist with classical neurotransmitters in most autonomic neurons or paraneurons, it has hypothesized that they modify transsynaptic effects of the classical neurotransmitters.
In solitary SIF cells of the superior cervical sympathetic ganglia of the rat, VIP, ENK, SUM, NPY, DYN, SP, CGRP, CCK, or 5-hydroxytryptamine (5-HT) were not detected by immunohistochemistry.
In the cat, however, ENK, CCK, and NT have been found in the solitary cells of the superior cervical sympathetic gangilia (HEYM et al., 1984; KUMMER et a!., 1985) . Species differences are thus clearly present, and should always be given careful consideration (WILLIAMS et al., 1976a, b) . Differences between solitary and clustered SIF cells deserve attention regarding their functions as well as their transmitter chemistry.
SIF CELL FUNCTIONS IN THE INFERIOR MESENTERIC GANGLIA
Clustered SIF cells are surrounded by a network of capillaries with fenestrations so that the secreted transmitters can readily enter the blood stream. The multiple transmitters or modulators secreted can exert their influence through at least three mechanisms. The first of these is to affect the autoreceptors of the SIF cell and thereby control the activity of the SIF cells themselves. The second is that transmitters which have entered the blood perfuse the adjacent ganglionic tissue through an intraganglionic portal system and so may modify the synaptic transmission and the activity of many sympathetic ganglionic neurons. In fact, intraganglionic portal blood vessels have been shown in a tupaia superior cervical ganglion from SIF cell cluster to the adjacent ganglionic cells (HEYM and WILLIAMS, 1979) . The third possibility is that secreted transmitters act as a kind of hormone to influence regional or whole tissues depending on the receptors located in each target cell. However, no evidence is available for the existence of a portal system from SIF cell clusters in the IMG to the regional intestinal tissues. Variable sets or groupings of peptides contained in SIF cells suggest the existence of functionally different subclasses of SIF cells. The chemical coding of enteric neurons and paracervical ganglionic neurons in the guinea pig has been indicated. Prevertebral sympathetic ganglionic neurons which are coded by the neurotransmitters NA/NPY, NA/SOM and NA/-innervate blood vessels, submucous ganglia and myenteric ganglia respectively (COSTA et al., 1986; MACRAE et al., 1986) . Paracervical ganglionic neurons coded by NA/NPY (NA/SOM), DYN/NPY/VIP (DYN/ NPY/VIP/SOM), and SOM receive input from NPY, SP and ENK-containing nerve terminals respectively (MORRIS and GIBBINS, 1987) . Although SIF cells coded by different sets of peptides do not show any currently identified pattern of distribution in the IMG of the guinea pig, as with the ganglionic neurons, the SIF cells have different sets of peptides which may well pref orm different functions. It is well known that SIF cells, particularly those in the neonate, can be transformed by the administration of either a glucocorticoid or nerve growth factor (NGF). SIF cells treated with NGF have transformed into ganglionic neurons with processes, and SIF cells treated with glucocorticoid have changed into typical endocrine cells (DoUPE et al., 1985) . Similarly, PC12 cells derived from a pheochromocytoma of the rat were transformed into typical neurons by the administration of NGF, and into SIF cells by the administration of glucocorticoid (CHIBA et al., 1981) . SIF cells thus are considered to be stem cells which can differentiate into chromafl'in cells or sympathetic ganglionic neurons (DoUPE et al., 1985) . If the coexistence of multiple peptides represents an immature state of SIF cells, the number of transmitters demonstrated may be expressed transiently, some of them disappearing when the cell becomes mature.
Our knowledge concerning the function of each paptide is still fragmentary. Leu-and met-ENK, SP or SOM inhibited catecholamine secretion in the case of chromaffin cells of the guinea pig and the cow (LIVETT et al., 1979; MIZOBE et al., 1979) . CCK-8 excites IMG neurons by the facilitation of nicotinic transmission, and VIP facilitates muscarinic transmission by the intensification of slow excitatory postsynaptic potentials (MO and DUN, 1984, 1986) . Cholinergic neurons which contain SOM cause fast nicotinic excitatory postsynaptic potentials of a larger amplitude than those by ACh neurons which lack SOM. Cholinergic neurons contaning VIP cause slow non-cholinergic depolarizations in addition to fast nicotinic excitatory postsynaptic potentials (WILLARD and NISHI, 1987) .
THE COOPERATIVE REGULATORY MECHA-NISM OF NEURONS AND PARANEURONS
As seen in Table 1 , we examined the distribution of immunoreactive nerve terminals and cell bodies in the proximal colon of the guinea pig. In the submucous ganglia of Meissner, DYN, VIP, SP and SOM immunoreactive neurons were frequently observed, with some NPY positive cells also encountered. The immunoreactivity of neurons in the myenteric plexus of Auerbach is similar to that of the submucous nerve plexus, except for met-ENK immunoreactive cell bodies which send axons to the circular muscle coat (LLEWELLYN-SMITH et al., 1988) . Tyrosine hydroxylase/NPY immunoreactive nerve terminals from sympathetic ganglia innervate blood vessels and both submucous and myenteric nerve plexus. DYN/VIP cells in the submucous as well as myenteric nerve plexus send axon collaterals to the IMG, and form a feedback loop to the sympathetic neurons projecting to the intestinal ganglia. SP and CGRP may exist in sensory nerve terminals. Some SP positive neurons in the myenteric ganglia seem to innervate smooth muscles. SOM neurons can be inhibitory interneurons in the autonomic ganglia of the intestinal wall.
The hypothesized regulatory mechanisms working through the autonomic nervous system in the intestine are illustrated in Figure. 3. Type II SIF cells in the autonomic ganglia may influence the ganglionic principal neurons and/or target tissues through the hypothesized but yet only incompletely established portal vessels. SIF cells are presumed to act as secretory cells in this case, and the effect would be long lasting and nonspecific as compared with that of autonomic neurons operating via synaptic contacts. The secreted material will be a different mixture of messengers according to the subset of SIF cells stimulated. The situation is similar to the adrenal medulla where we have different kind of cells containing several peptides in addition to adrenalin and NA (K0ND0, 1985) .
We can not exclude the possibility that transmitters secreted from SIF cells can affect target neurons even in the central autonomic nervous system of the brain. On the other hand, sympathetic neurons are classifiable into several types in respect to coexisting peptides, catecholamine present and specific target tissues innervated.
The effects in this case are specific, fast and of short duration. Ganglionic neurons receive input from possible axon collaterals of the myenteric or submucous plexuses through colonic nerves which contain CCK/DYN/VIP, DYN/NT/ VIP, or CCK/DYN/ENK/GRP/VIP (DALSGAARD et al., 1983; FURNESS et al., 1985; LINDH et al., 1986; MASUKO and CHIBA, 1987, 1988; WEBBER and HEYM, 1988) . Collateral branches of sensory nerves coded by SP, SP/CGRP or SP/CGRP/BOM also synapse onto sympathetic ganglionic neurons (KONDO and YUI, 1981; MATTHEWS and CUELLO, 1982; FUXE et al., 1983; ALDSKOGIUS et al., 1986 Comp. Neurol. 179: 153-168 (1978) .
